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Abstract
Zeolite EU-1 belongs to the family of a high silica medium pore zeolites. The framework of EU-1 zeolite possesses an unidimensional, non-intersecting channel structure defined by 10- membered ring openings (0.58 X 0.41 nm) and deep side pockets (0.68 X 0.58 nm in cross-section and 0.81 nm in depth) off the channels. The channels lie in the [100] direction and side pockets in the [001] directions. The presence of 10-ring channels, characteristic of medium pore zeolites together with large side pockets, makes this zeolite interesting from the point of view of shape selective catalysis. Hence the detailed study was undertaken in synthesis and characterization of novel high silica zeolite EU-1. Factors influencing the synthesis of high silica EU-1 zeolite using mixed benzyldimethylamine (BDMA) and benzyl chloride as tem plating molecules have been investigated. The kinetic features of the crystallization process, such aa the influence of time, temperature, ageing of the precursor species, etc., are also studied. A synthesis procedure, using hexamethonium bromide as templating agent, for the isomorphous situation of Fe+3 in place of Al+3 in EU-1 framework is also studied. It was found that below 453 K pure EU-1 phase crystallizes between SiO2/Al2O3 ratios of 70 and 600. Above 453 K, however, the product contained either amorphous or crystalline dense phases like alpha-quartz and cristobalite. Increasing the concentration of the template enhanced the rates of both nucleation and crystallization. It was found that under these synthesis conditions, pure EU-1 could be obtained only in a narrow range of OH-/SiO2 (0.1-0.15) ratio. The apparent activation energies for both nucleation and crystallisation of EU-1 zeolite were estimated by applying Arrhenius-type equation. To describe the crystallisation process of EU-1 zeolite mathematically, the data were fitted to the Avrami-Erofeev equation. The morphology of EU-1 was examined on scanning electron microscope during nucleation and crystal growth. The physico-chemical characterization was done by X-ray diffraction, thermal analysis, NMR, IR, TPD of ammonia, EPR, XPS, and sorption of different probe molecules such as water, nitrogen and hydrocarbons. X-ray diffraction patterns and IR spectra in framework vibration region showed typical EU-1 zeolite phase. However, the IR spectra of Fe-EU-1 zeolite shows a shift in frequency of the main asymmetric band at 1100 cm-1 to a lower value. Thermal analysis shows that the zeolite EU-1 phase is stable upto 1273 K. Evidence from 29Si and 27Al MASNMR measurements indicates at least two crystallographically different environments for Si atoms. XPS, EPR data support the presence of Fe in the framework lattice of EU-1 zeolites. Equilibrium sorption uptake for n-hexane and cyclohexane was found to be unaffected by varying Si/M (M= Al+3 or Fe+3) ratio. Sorption data for cyclohexane confirm that the entry pore size is slightly less than 0.6 nm due to the presence of 10 T-atoms windows. Equilibrium uptake for water was found to decrease with the increase in Si/M ratio indicating enhanced hydrophobia character of the zeolites on increasing Si/M ratio. The BET and Langmuir surface areas were also found to decrease with increase in Si/M ratio. Sorption isotherms for n-butylamine in the temperature range 298-423 K were found to be of the Langmuir type. The number of n-BA molecules sorbed per unit cell of EU-1 zeolites decreased hyperbolically with the increase in Si/Al ratio. The n-BA sorption data satisfactorily represents the Dubinin, BET and Langmuir isotherm equations. However, Sips equation, Koble-Corrigan equation, Langmuir and Volmer coefficients (KL & KV failed to represent n-BA sorption data in EU-1 zeolites. Chemical affinity curves for n-BA sorption exhibited very sharp decrease with the coverage and showed the highest chemical affinity for higher aluminium containing zeolite. Isosteric heats also showed decrease in lower coverage region with complicated behavior in the higher coverage region. Samples with higher content of aluminium showed higher Qst values. Acid strength distribution over Al-EU-1 and Fe-EU-1 zeolites have been determined by temperature programmed desorption of ammonia. Three distinct stages for desorption of ammonia at about 300-373, 373-500 and 500-775 K were observed. These three peaks are ascribed to NHg molecules (1) physically adsorbed, (2) chemisorbed on counter cations, and (3) bound in Bronsted acid sites, respectively. The TPD of ammonia indicated that the acid strength of framework hydroxyl groups in H-A1-EU-1 is greater than that in H-Fe-EU-1. The shape-selective properties of H-EU-1 in the isomerization of m-xylene and the methylation and disproportionation of toluene were studied and compared with those of other medium pore zeolites. The presence of unidimensional ten-ring channel system together with deep aide pockets off the channel in EU-1 leads to peculiar shape selectivity effects. The concentration of the para isomer in the isomerization products decreases in the order ZSM-22 > ZSM-23 > ZSMM-48 > EU-1 > ZSM-5. The aperture of the channels also decrease in the above order. The presence of large side pockets, in EU-1, in which bimolecular reactions such as xylene disproportionation can occur, leads to the following selectivity for isomerization (versus disproportionation): ZSM-22 > ZSM-23 > ZSM-48 > ZSM-5 > EU-1. The lower transition state shape selectivity of EU-1 is caused by the presence of large side pockets in its channel system. It is concluded that apart from the shape and size of the channel system, the presence or absence of pore intersections and cavities can also significantly affect the shape selectivity of medium-pore zeolites in catalytic reactions. It is suggested that shape selectivity effects in the isomerization of m-xylene can be used as diagnostic tools to reveal not only the size of the pores but also the presence or absence of cavities and the dimensionality of the pores in zeolites of unknown structure. 
  	


